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ABSTRACT 

A quasi-operational study demonstrating t h a t  a timber inventory 
based on manual and automated analysis  of ERTS-1, supporting air- 
c r a f t  data and ground data  was made using multistage sampling 
techniques. 

The inventory proved t o  be a timely, cost-effective a l t e r n a t i v e  
t o  conventional timber inventory techniques. The timber volume 
on t h e  Quincy Ranger Distr ic t  of t h e  Plumas National Forest  w a s  
estimated t o  be 2.44  b i l l i o n  board fee t  with a sampling e r ror  of 
8 . 2  percent. Costs per acre f o r  the  inventory procedure at  1.1 
cent lacre  compared favorably with t h e  costs  of a conventional 
inventory a t  25 centslacre.  
CALSCAN-classified ERTS da ta  with human-interpreted low a l t i t u d e  
photo p l o t s  indicated no s igni f icant  differences i n  t h e  overa l l  
c l a s s i f i c a t i o n  accuracies. 

A point-by-point comparison of 

SECTION I: INTRODUCTION AND PROCEDURES 

I n  order t o  test the usefulness of ERTS imagery f o r  wildland re- 
source inventor ies ,  a timber inventory w a s  performed Fn which the ERTS 
imagery acted as the  f i r s t  s tage of a multistage sampling design. The 
object ive of the  inventory w a s  t o  estimate the standing volume of mer-  
chantable timber within the  Quincy Ranger District (215,000 acres) of 
the  Plumas National Forest  i n  California.  Secondary object ives  of the 
inventory were :  
procedures of the  multistage sampling design; ( 2 )  t o  test the  effect ive-  
ness of the  CALSCAN c l a s s i f i e r  on t h e  ERTS data; (3) t o  determine the 
value of ERTS data and the  a i r c r a f t  data i n  reducing the  sample e r ror ;  
and ( 4 )  t o  compare the  costs  of t h i s  timber inventory with other inven- 
t o r i e s  t h a t  u t i l i z e  conventional procedures. 

(1) t o  test the  operational e f f ic iency  of t h e  sampling 

A three  s tage  sampling design was  tes ted i n  which "timber volume" 
was t h e  var iab le  estimated. A t  each s tage timber volume estimates w e r e  
made from sampling u n i t s  whose probabi l i ty  of se lec t ion  i n  the  sample 
w a s  proport ional  t o  the predicted volume. Timber volume estimates were 
made from three  stages:  (1) the  f i r s t  stage involved automatic classi- 
f i c a t i o n  of the timberland on the  ERTS data tapes i n t o  four timber VOI- 
~ r n  
(cal led primary sampling u n i t s ;  PSU) from which a more refined estimate 

c l z s s e s  . K t h h  the  c lass i f  red area s u b s a q l e s  vere selected 
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of timber volume could be made i n  t h e  second s t age ;  (2) t h e  second 
s tage  involved the  a c q u i s i t i o n  of l o w  a l t i t u d e  photograph of s e l ec t ed  
primary sampling u n i t s  t o  choose photo p l o t s  based on a second timber 
estimate made by comparison with photo-volume t a b l e s ;  (3) t h e  t h i r d  
s tage  involved s e l e c t i n g  ind iv idua l  trees wi th in  s e l e c t e d  sample photo 
p l o t s  by photo measurement of a l l  merchantable trees. The se l ec t ed  
trees were then p rec i se ly  measured f o r  volume on t h e  ground and these  
volume measurements i n  t u r n  w e r e  expanded through t h e  va r ious  s t a g e s  
of t h e  sample design t o  estimate t o t a l  timber volume over t h e  n a t i o n a l  
f o r e s t  l a n d  wi th in  the  Quincy Ranger District. 

The s ta t is t ical  procedures f o r  expanding the  timber volume esti- 
mates through the  var ious  s t a g e s  of t h e  timber inventory are discussed 
in Sec t ion  I1 of t h i s  s tudy.  The procedures f o r  s e l e c t i n g  sampling 
sites and es t imat ing  timber volumes from ERTS and a i r c r a f t  imagery a t  
each of t h e  s t a g e s  of t he  sample design are descr ibed i n  subsequent 
s ec t ions  i n  order  t o  demonstrate how t h e  ERTS and suppor t ing  a i r c r a f t  
data  were necessary components i n  performing t h e  timber inventory.  

Stage I. CALSCAN C l a s s i f i c a t i o n  of ERTS Data and Primary Sample Unit 
Se lec t ion  

ERTS-1 da ta  tapes  of t h e  Quincy Ranger Distr ic t ,  Plumas Nat ional  
Forest ,  w e r e  c l a s s i f i e d  on t h e  CRSR i n t e r a c t i v e  human-computer system 
using a CALSCAN point-by-point c l a s s i f i c a t i o n  rou t ine .  
of t h e  Ranger Dis t r ic t  boundary and those  of non-national f o r e s t  land 
wi th in  t h e  District w e r e  i d e n t i f i e d  on t h e  t apes  so  t h a t  only those  
p i c tu re  elements a s soc ia t ed  wi th  n a t i o n a l  f o r e s t  l and  were c l a s s i f i e d  
and incorpora ted  i n t o  the  inventory.  This  procedure considerably re- 
duces the  c o s t s  of c l a s s i f i c a t i o n .  

The coord ina tes  

h.F@ 

rs 
The c l a s s i f i c a t i o n  w a s  based on four  timber volume classes, namely 

(1) non f o r e s t ;  (2) f o r e s t  sites conta in ing  less than 10,000 Bd. f t . / a c . ;  
(3)  f o r e s t  sites conta in ing  10,000-20,000 Bd. f t . / a c . ;  and (4) f o r e s t  
sites containing more than 20,000 Bd. f t . / a c .  The c l a s s i f i e r  w a s  t r a i n e d  
t o  recognize each of t h e  four  timber volume classes based upon photo- 
i n t e r p r e t e r  s e l e c t i o n  of 33 t r a i n i n g  cells whose range of t imber  volumes 
was based on crown c losu re  and average crown diameter .  
c e l l s  were se l ec t ed  from i n t e r p r e t a t i o n  of high a l t i t u d e  co lor - inf ra red  
photography ( sca l e  1/120,000). 

a l l  ERTS da ta  po in t s  w i th in  t h e  Quincy Ranger Distr ic t  proceeded by 
matching each da ta  poin t  ( p i c t u r e  element) wi th  t h e  t r a i n i n g  cells. 

achieved by automatic c l a s s i f i c a t i o n  of ERTS tapes  (Tables 1 and 2) 
demonstrates t he  e f f i c i e n c y  which can be  a t t a i n e d  i n  t h e  timber in -  
ventory through a n a l y s i s  of ERTS d a t a  t apes  i n  t h e  i n i t i a l  s t a g e s  of t h e  
sample design. 

'* 
>.+,4 .i 

The t r a i n i n g  

p k ,  Each of t h e  t r a i n i n g  ce l l s  w a s  l oca t ed  
. I  L 01 the  ERTS imagery and d i g i t i z e d .  Point-by-point c l a s s i f i c a t i o n  of 

. I  The 
w c *  I r e s u l t s  were grouped i n t o  t h e  four  t imber  volume classes. The accuracy 
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The c l a s s i f i e d  ERTS data  (CALSCAN c lass i f ica t ion)  of t h e  Quincy 
Ranger District w a s  divided i n t o  rectangular sampling u n i t s  (cal led 
primary sampling uni t s ) .  Each uni t  measured 1325 f t .  wide by one and 
a half  miles long. The s i z e  of these sampling u n i t s  was based upon a 
p r a c t i c a l  area which could be photographed in a s ingle  f l i g h t  l i n e  by 
a l i g h t  a i r c r a f t  using a 35 mm camera system, the  a b i l i t y  of the  ground 
crew t o  complete the  ground work f o r  a f l i g h t  l i n e  i n  one day, and the 
var ia t ion  between sampling uni ts .  For each primary sampling u n i t ,  the 
following information was computed. 

(1) The number of points  i n  each volume class (within t h e  uni t ) .  
( 2 )  The weighted t o t a l  volume f o r  each volume class.* 
(3) The sum of the weighted t o t a l s  for a l l  c lasses .  
( 4 )  A cumulative sum of t h e  weighted t o t a l s .  
(5) The mean volume f o r  a l l  sampling units.  
(6) The variance of the  sampling units.  

Based upon the information e i t h e r  estimated or computed f o r  each 
primary sampling uni t  (PSU), four u n i t s  were selected f o r  fur ther  sam- 
pling i n  t h e  timber inventory. The four uni ts  w e r e  selected with prob- 
a b i l i t y  of se lec t ion  proportional t o  t h e i r  estimated volumes. The 
locat ion of the  four selected PSU's w a s  t ransferred from the  ERTS clas- 
s i f i e d  images t o  the color-infrared high a l t i t u d e  aerial photography 
(sca le  1/120,000) 
air when they are photographed from a lower a l t i t u d e  as p a r t  of t h e  
second s tage  of the  timber inventory. 

t o  f a c i l i t a t e  locat ing t h e m  accurately from t h e  

Stage 11. Volume Estimation on Low Altitude Photography 

Two 35 mm cameras w e r e  used t o  obtain low a l t i t u d e  photograpby of 
the  selected primary sampling u n i t s  a t  two d i f fe ren t  scales. A 24 mm 
foca l  length wide-angle lens  w a s  used t o  acquire complete coverage of 
each sampling uni t  a t  an approximate s c a l e  of 117500,and a 200 mm foca l  
length lens  obtained large sca le  s te reo  triplicates, scale approximately 
1/1000, from which t o  make precise photo estimates of timber volume. 
The camera with t h e  telephoto lens  w a s  equipped with a motorized f i lm 
dr ive  which enabled each s tereo t r i p l i c a t e  to  be taken within one second 
at  f i v e  second i n t e r v a l s ,  while the  camera with the  wide-angle lens  w a s  
operated manually t o  obtain s ing le  frames at  f i v e  second in te rva ls .  The 
photo coverage for  each PSU consisted of 10 s te reo  t r i p l i c a t e s  and 10 
wide-angle photographs. 

The wide-angle photos of each primary sampling uni t  w e r e  formed i n t o  
a m O S a k  t o  show its f u l l  area. The center of t h e  middle photo f o r  each 
s te reo  t r i p l i c a t e  w a s  used a s  a p l o t  center and w a s  located and marked 
on the  mosaic. Each p lo t  center w a s  a l so  located on a topographic map 
and i t s  elevat ion w a s  determined. 

*The weighted t o t a l  volume was determined by multiplying t h e  number 
of points  i n  each volume by the  assigned weight f o r  t h a t  class: 
non-timber = 0; less than 10,000 Bd. ft./ac. = 1; 10,000-20,000 
Bd. ft.!zc. = 2;  20,000 Bd. ft.!ac. and ahnve = 3 .  
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Table 1 

NF = Non forest 

T l  = Less than 10,000 

T 2  = 10,000 to 20,000 

T3  = Greater than 20,000 

board feet per acre 

board feet per acre 

board feet per acre 

The accuracy obtained in a comparison of c l a s s i f i e d  ERTS data  with 
photo i n t e r p r e t e r  c l a s s i f i c a t i o n  from a photo scale of 1/1000. 
gonal of t he  matrix shows the  percentage correct  c l a s s i f i c a t i o n  when 
comparing the discriminate analysis  of ERTS data  with t h e  l a r g e  scale 
photographs. The values not along the  diagonal represent t h e  percentage 
of points  which were c l a s s i f i e d  i n t o  adjacent timber volume classes. 
The values a t  the bottom of each column ind ica t e  the percentage of 
points c l a s s i f i e d  by discr iminate  ana lys i s  of ERTS data  which w e r e  great- 
e r  than (+) o r  less than (-) t he  points  c l a s s i f i e d  by i n t e r p r e t e r s  on 
large scale aerial photographs. 

The dia- 
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The s c a l e  of each photo p l o t  w a s  determined, and a .4 ac re  c i r c u l a r  
plot  w a s  drawn about t he  photo p l o t  center.  
acre photo p l o t  w a s  estimated by r e fe r r ing  t o  photo-volume t a b l e s  based 
upon i n t e r p r e t a t i o n  of % crown c losure  and measurement of average stand 
height using a pa ra l l ax  bar  (Chapman, 1965). Within each primary sam-  
pling u n i t ,  two out of t h e  t en  poss ib le  photo p l o t s  w e r e  chosen with 
probabi l i ty  of s e l e c t i o n  propor t iona l  t o  t h e  estimated volume. 

Timber volume i n  each .4 

Stage 111. Selec t ion  of Trees f o r  Precise Ground Measurement of Timber 
Volume 

In the  t h i r d  s t age ,  a l l  trees of merchantable s i z e  wi th in  each 
se lec ted  photo p l o t  were pin-pricked and numbered. For each of these  
trees, t h e  average crown diameter w a s  determined based on t h e  longest 
and s h o r t e s t  dimension of t h e i r  crowns. After adjustments f o r  scale, 
t h e  average crown diameter value w a s  cubed ( r a i sed  t o  t h e  t h i r d  power) 
t o  be  used as a r e l a t i v e  measure of ind iv idua l  tree volume f o r  t he  
t h i r d  s t age  volume estimation. Four trees w e r e  s e l ec t ed  from t h e  popu- 
l a t ion  o f  merchantable trees found within each photo p l o t  t o  be measured 
by a dendrometer on the  ground. (Selection again w a s  based upon proba- 
b i l i t y  propor t iona l  t o  t h e  estimated volume of each t r e e . )  

A two-man c r e w  went i n t o  the  Quincy Ranger Distr ic t  with a Barr 
and Stroud o p t i c a l  dendrometer t o  measure t h e  se l ec t ed  trees. The 
la rge  s c a l e  (low a l t i t u d e )  photographs were used t o  l o c a t e  the  photo 
p lo t  cen ters  as w e l l  as the  trees within t h e  p l o t s  t o  be  measured. I n  
addition t o  the  dendrometer measurements, an e a s i l y  recognizable f ea tu re  
on t h e  ground near the  p l o t  cen ter  w a s  measured i n  order t o  g e t  a wre 
accurate estimation of the  photo scale of t he  p l o t .  
measurements were brought back from the  Quincy Ranger D i s t r i c t  and en- 
tered i n t o  a computer program t h a t  ca lcu la ted  volumes f o r  t h e  ind iv idua l  
t rees .  
sample design t o  estimate t o t a l  volume on t h e  D i s t r i c t ,  cons i s t en t  with 

The dendrometer 

The tree volumes were then expanded through each s t age  of t he  

t h e  s t a t i s t i c a l  methods f o r  v a r i a b l e  p robab i l i t y  sampling (see Section 
11). 

SECTION 11. STATISTICAL METHODS FOR TIMBER VOLUME ESTIMATION 

Timber volume predic t ions  were made from th ree  s t ages  of t h e  timber 
inventory of the  Quincy Ranger District €or the  purpose of s e l e c t i n g  
sample p l o t s  whose p robab i l i t y  of s e l e c t i o n  w a s  p ropor t iona l  t o  t h e  
volume predic t ions .  Thus, va r i ab le  p robab i l i t y  sampling methods w e r e  
used t o  estimate the  t o t a l  volume i n  t h i s  timber inventory.  Three va- 
r i ab le s  propor t iona l  t o  timber volume were used i n  generating t h e  se- 
l ec t ion  p r o b a b i l i t i e s :  (1) "Volume" estimate of t he  ERTS p i c t u r e  ele- 
ment based on the  s p e c t r a l  s igna tu res  on four  bands and subsequent 
t r a in ing  and c l a s s i f i c a t i o n ;  (2) volume estimate of a p l o t  on a 1 : l O O O  
scale color p r i n t  based on t h e  photo-volume t a b l e s  (Chapman, 1965); 
and (3) volume estimate on a l a r g e  s c a l e  photo based on a rough volume 
estimate - crown diameter cubed. 
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Using a scheme where p r o b a b i l i t y  of s e l e c t i o n  is  p ropor t iona l  t o  
the  estimated volume, t h e  e f f o r t  is  focused on t h e  areas of h igher  t i m -  
ber  volume and adds t o  t h e  o v e r a l l  cost-eff ic iency.  
l ist t h e  populat ions a t  each s t age  prompted t h e  s e l e c t i o n  of l ist  sam- 
p l ing  a s  t h e  v a r i a b l e  p r o b a b i l i t y  sampling scheme. 

The a b i l i t y  t o  

Method of Estimation 

The method of es t imat ion  w a s  based on "unequal expansion" as im- 
p l i e d  by t h e  p r o b a b i l i t y  scheme d iscussed  above. 
s t ages ,  t h e  p r o b a b i l i t y  proportional t o  estimated s i z e  (p i )  w a s  obtained 
by l i s t i n g  the  volume estimates of t h e  sampling u n i t s  (xi>, and d iv id ing  
them by t h e  t o t a l  of volume es t imates  

A t  each of t h e  t h r e e  

i=1 

i X 
Pi = 

5. x i  
i= 1 

A sa  
ge r s  from 
correspon 
i n t e g e r s  . 

mple of a chosen s i z e  w a s  thi 
L 1 t o  n 3 and observing tl 
!ding sampling u n i t  whic' 

i= 1 

en drawn by applying random i n t e -  
h e  p robab i l i t y  i n t e r v a l  and t h e  
h contains  t h e  randomly selected 

. r .  . * .  . .  I n  t n e  r i r s t  ana secona scages t h e  timber volumes of t h e  se l ec t ed  
sampling u n i t s  w e r e  es t imated by subsequent sampling, whereas i n  t h e  
t h i r d  s t a g e  t h e  volume w a s  c a r e f u l l y  measured by a p rec i s ion  dendrometer. 
The e n t i r e  t h r e e  s t a g e  es t imat ion  procedure w a s  as fol lows:  

Stage I: A sample of nh out  of the Nh PSU's w a s  drawn from s t ra tum 
h wi th  p r o b a b i l i t y  p ropor t iona l  t o  estimated s i z e  (ppes) .  
of t h e  t o t a l  volume then  becomes: 

The estimate 

L "-c - 1 

"h h= 1 
2 i= 1 

'hi 

'hi 

where: L = t o t a l  number of strata 

Phi = se l ec t ion  of p r o b a b i l i t y  of t h e  ie PSU i n  t h e  h g  stratum 
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A 
yhi = total volume of the ifi PSU in 

the hfi stratum (remains to be 
estimated by subsequent stages). 

Stage 11: To estimate the total volume (y .) of the i e  PSU, a sam- 
ple of n 
drawn wiB probability proportional to estimated volume. 
give : 

out of the N secondary sampling un&s ( .4  acre plots) is hi This would 

However, in order to include area expansion from circular sample 
plots to the full PSU, plus stratify the second stage plots into four 
volume strata, the estimator becomes : 

R nhir A 
1 41ir 1 --- A 

'hir ' 'hir ahir nhir j-1 r= 1 

where: r = 1,2, ... R refers to. the CALSCAN 
volume strata 

Phir = selection probability of the r e  
volume stratum of the i g  PSU in 
the h* stratum 

A = area (indices as above) 

a = sample area (indices as above) 

n = sample size (indices as above) 

= selection probability of the j& 
plot of the rfi volume stratum, of 
the i s  PSU in the hth stratum 

Phirj 

- 

= plot volume (to be estimated by 
hirj Stage 1111 

Stage 111: 
of nhir 
ppes. +hen . . . 

To estimate the total volume of the jth plot, a sample 
tertiary sampling units (trees) is drawn with hirj out of the N 
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"hirj 'hirj  k 

'hirjk 
c 1 

r 
/r 

'hir j  "hirj k= 1 

w = t h e  se lec t ion  probabi l i ty  of the 
k a  sample tree of the  ja p l o t  of 
t h e  r g  volume stratum of the  iG 
PSU of t h e  h g  stratum. 

. 

v =  2 
h= 1 

t h e  dendrometer measured volume of 
t h e  k& sample tree of t h e  j g  p l o t  
of the rt& volume stratum of the 
iG PSU of t h e  h e  stratum. 

Combining the  various stages above, the  e n t i r e  estimator becomes: 

nhirj 2 1 1 'hirjk 
Phirj Rhirj k = l  'hir jk 

j-1 

la tor  

IL urLAJLCLtjc ucuuprrnti, wl.rll c L I c  ..,her of f i r s t  s tage u n i t s  is 
large,  most of the v a r i a b i l i t y  i n  the  population is due t o  the  f i r s t  
stage.  
(here yb,) t o  estimate the population variance and, consequently, the  
variance , p. 262; Kendall and S t u a r t ,  
1967, vc 131). 

Therefore, it suf f ices  t o  consider only t h e  f i r s t  s tage values 
A 

Tht- LuL L1lc llLUL oLcr6r ,,,,,ified sampling estimator becomes 
(Cochran, 1963, p. 260) : 

c -  A 

h= 1 

Its variance is : 

which has an unbiased estimator 
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For proportional a l loca t ion ,  % = n (Nh/N) and 

N 

h = l  

A 
The las t  equation is an unbiased estimator of Var (VI and can be 

used f o r  the estimation of the sampling e r r o r  of the inventory. 

SECTION 111. RESULTS AND CONCLUSIONS 

The t o t a l  volume of timber i n  the  Quincy Ranger District of the 
Plumas National Forest w a s  estimated t o  be 407 mil l ion cubic f e e t  (ap- 
proximately 2.44 b i l l i o n  board f e e t )  based on e igh t  s e l ec t ed  photo 
p lo t s  located within four primary sampling un i t s .  The sampling e r r o r  
associated with t h i s  estimate w a s  8.2% which f a l l s  below t h e  expected 
sampling e r r o r  of 20% f o r  the Quincy Ranger D i s t r i c t .  This i nd ica t e s  
t ha t  the t r u e  volume of merchantable trees i n  the  Quincy Ranger District 
w i l l  f a l l  i n t o  the i n t e r v a l  2 .11  - 2.77 b i l l i o n  board f e e t  with 80% 
probabili ty.  

There were only 31 trees t o t a l  measured by an o p t i c a l  dendrometer 
on the ground at  the eight  p l o t s  (32 trees should have been measured 
but one p lo t  out of the eight  contained only th ree  merchantable trees 
which could be measured). The f i e l d  work required one week's t i m e  from 
a two-man crew, and the  t o t a l  area of the  ground p l o t s  measured w a s  3.2 
acres,  representing a sampling f r a c t i o n  of approximately 1167,000. 

Table 1 lists the  cos t s  of t he  timber inventory on 215,000 acres 
using the  m l t i s t a g e  sampling design as an operat ional  system. 
expected cos t s  of an inventory using the  above procedures, on the  en- 
tire Plumas National Forest  (1,161,554 ac res )  would be approximately 
$15,000 and would take 5 months t o  complete. 
F o r e s t  Service i n  1970 completed an inventory of t he  Plumas National 
Forest using the 10 point system, a conventional procedure, a t  a cos t  

The 

I n  comparison, the U .  S. 
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of $300,000 and took two years t o  complete. Some deficiencies  of t h a t  
inventory were: (1) tha t  i t  did not provide in-place mapping of timber 
volumes and (2) it used interpolat ion t o  a r r i v e  at the volumes f o r  each 
ranger d i s t r i c t  which tends t o  reduce the accuracy of t h e  volume esti- 
mates f o r  each d i s t r i c t ,  as compared t o  the estimate f o r  the  e n t i r e  fo- 
rest. The CRSR system would inventory each ranger d i s t r i c t  as  a sepa- 
rate uni t ,  thereby achieving more precise estimates and could a l s o  pro- 
vide in-place mapping of volume. 

The Forest Service inventoried the e n t i r e  E l  Dorado National Forest 
(858,496 acres) using WRIS (Wildland Resource Inventory System) at  a 
cost  of approximately $31,300. While WRIS closely resembles the  CRSR 
system i n  design, the  r e s u l t s  again lacked in-place mapping of volume 
as w e l l  as not t r e a t i n g  each ranger d i s t r i c t  as a stratum. I n  terms of 
inventory cos ts  per acre  f o r  each system, the CRSR system appears t o  be 
bes t  (10-point system = 25C/acre, WRIS = 3 . 6 ~ / a c r e ,  and CRSR = l . l C /  
acre) while s t i l l  providing more information with l i t t l e  o r  no loss i n  
precision. It should a l s o  be noted t h a t  t h e  multistage design used 
here becomes more e f f i c i e n t  as the t o t a l  a rea  considered increases.  
For example, i f  the e n t i r e  State of California w e r e  inventoried,  the  
per acre costs  would be .175C. 
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TABLE 3 

COST ESTIMATE-TIMBER INVENTORY 

BASED ON 215,000 ACRES - QUINCY RANGER DISTRICT 

Computer Processing 

CALSCAN Training and Photo In t e rp re t a t ion  $ 120 

210 

40 

CALSCAN C las s i f i ca t ion  

S t a t i s t i c a l  Break-up 

12 CALSCAN S t a t i s t i c s  

$ 382 

Aerial  Photography 

Ai rc ra f t  and C r e w  

Film and Processing 

Supplies and Expenses 

Travel 

Miscellaneous 

$ 210 

90 

$ 300 

$ 350 

50 

$ 400 

Personnel 

1 Project  S c i e n t i s t  
2 mos. F.T.E. @ $11OO/mo. $2,200 

1 Software Consultant 
550 .5 mo. F.T.E. @ $1300/mo. 

1 S t a t i s t i c i a n  
550 .5 mo. F.T.E. @ $11OO/mo. 

2 Lab Assis tants  
1 mo. F.T.E. Each @ $620/mo. 1,240 

Salary Subtotal  $4 , 640 

Associated Overhead $968 

$5,568 

TOTAL $6,640 
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SUMMARY 

The preliminary r e s u l t s  of the timber inventory of t h e  Quincy 
Ranger District ind ica te  t h a t  the  procedures employed i n  the  multi- 
s tage sampling design are va l id  and substant ia l ly  reduce both the  
costs  and the  amount of t i m e  required t o  perform a timber inventory 
f o r  a la rge  area. This study demonstrates the value of ERTS da ta  
f o r  accurately cor re la t ing  p ic ture  elements with timber volume esti- 
mates as a fundamental f i r s t  s tep  i n  select ing primary sampling u n i t s  
in  the  f i r s t  s tage  of the  inventory. The inventory procedures ut i -  
l i zed  here w i l l  be applied t o  two additional d i s t r i c t s  of t h e  Plumas 
National Forest i n  an e f f o r t  t o  estimate t h e  t o t a l  timber volume on 
the  f o r e s t  t o  a desired sampling e r r o r  of 10%. i 
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s t o  provide inform 
l e  f o r e s t  managers 
tices t o  determine 
a.rrnn r.,iii ha aaTVni 

Future a c t i v i t i e s  w i l l  include the inves t iga t ion  of the  a b i l i t y  
of the  CALSCAN c l a s s i f i e r  t o  cor re la te  timber condition classes with 
picture l t  nation f o r  use i n  f o r e s t  simulators. 
This wc tb t o  p ro jec t  long-range r e s u l t s  of 
managen LC their effect iveness .  Also, similar 
inventory proceLuAbu nAAA yz  u=v=loped f o r  appl icat ion t o  other  vege- 
t a t i o n  types t o  provide timely, cost-effective, and usefu l  information 
f o r  resource management planning, such as f u e l  mapping f o r  f i r e  control  
and management and rangeland-condition mapping f o r  carrying-capacity 
determinations. 
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